Tertiary volcanic rocks of the Samothraki Island were found to show a wide range of composition. Two series have been distinguished showing diverging trends both in major and in trace element diagrams. Sr-isotope data show even more pronounced grouping of the two series thus reinforcing the suggestion of diverse evolu tionary processes. A possible origin from either an enriched mantle source for the old volcanic series and mantle plus crust for the young volcanic rock series is suggested. Fractional crystallization or any other closed system process cannot account for the geochemical and isotopie variations seen witin the rock series. More complex processes must be responsible for their evolution history.
INTRODUCTION
Samothraki is an island in the northeast Aegean Sea (Fig. 1) where Tertiary volcanic rocks outcrop. These rocks are considered to belong to the widespread volcanic activity that affected the broader area of the north Aegean Sea including the on-shore areas. It started during the Eocene in the Bulgarian part of the Rhodope Massif and progressively migrated southwards to the central Aegean Sea and western Anatolia, where it died out in the Middle Miocene (Fyticas et al. 1985, Eleftheriadis and Lippolt 1984) .
Petrological, geochemical and mineralogical studies on the Samothraki volcanic rocks have been presented by previous workers (Eleftheriadis et al. 1989 (Eleftheriadis et al. , 1993 as well as K-Ar geochronology on limited number of sam ples (Eleftheriadis et al. 1994) . New major, trace element and Sr isotope data, as well as Rb-Sr biotite ages are presented in this paper, aiming at contributing to the clarification of the origin and evolution of the Samothraki volcanic rocks. This paper is part of the PhD thesis of the first author.
GEOLOGY
The Island of Samothraki belongs geotectonically to the Circum-Rhodope belt (Kauffman et al. 1976 ). Five units have been distinguished after lithological studies of the area; the basement, the ophiolitic unit, the clastic series, the Tertiary igneous rocks and the Neogene to Quaternary sedimentary unit.
The basement is comprised of low grade metamorphic rocks -argillaceous and quartzose slates, schistose greywackes and marbles -of Mesozoic age (Davis 1963 , Heiman 1967 .
It is partly intruded by the Upper Jurassic ophiolitic unit (Tsikouras et al. 1990 ) that consists of gabbros, diorites, diabases, and basalts. The whole unit is cut by doleritic dykes and has undergone metamorphic and cataclastic processes (Tsikouras 1992) . Mid dle to Upper Eocene clastic neritic sequence and nummulitic limestones overlay discordantly the ophiolites. Intercalations of pyroclastic materials were found in these sedimentary rocks (Heimann et al. 1972) .
The unit of the Tertiary igneous rocks comprises two intrusions of the "Samothraki granite" and the Tertiary volcanic rocks that cover the lower north-east, west and south-west slopes of the island. The granite is a normally zoned high-K calc-alkaline metaluminous to slightly peraluminous intrusion of Miocene age (Kyriakopoulos 1987 , Christofides et al. 1990 , 2000 . The volcanic rocks form mainly domes, dykes, and lava flows that are seen to intrude and in some cases overlie the ophiolites and the clastic neritic series.
The stratigraphy of Samothraki is completed by the Neogene and Quaternary sedimetary rocks that cover most of the periphery of the island. 
ANALYTICAL METHODS
Major and trace elements (Rb -Zr, Table 1 separates were carried out at the "Istituto di geocronologia e geochimica isotopica", CNR Pisa. Sr isotope ratios were acquired with a multicollector Finnigan MAT 262 mass spectrometer. Rb and Sr concentrations were determined by isotope dilution. Quoted errors are at the 95% confidence level.
PETROGRAPHY
The volcanic rocks of Samothraki show a wide compositional range. Previous researches (Eleftheriadis et al. 1989 (Eleftheriadis et al. ,1993 have divided these rocks, on the basis of stratigraphie and geochemical criteria, into two series. The Old Volcanic Rock Series (OVRS) is of calc-alkaline to shoshonitic affinity and Oligocene in age. The Young Volcanic Rock Series (YVRS) is of Miocene age and of high-K calc-alkaline to shoshonitic affinity (Eleftheriadis et al. 1994) . The OVRS consists of basalts, basaltic trachyandesites, andésites and trachyandesites (Fig. 2) . The rocks mainly occur as lava flows which are sometimes intercalated with a volcaniclastic series that also hosts some products of this volcanic series. Some sills also occur interbedded in the above volcaniclastic series. Macroscopically they are dark in colour with a slight porphyritic to subaphyric texture. They consist mainly of basic plagioclase (An 70 -An 45 ) and pyroxene. In some cases fully altered biotite and hornblende were found. Kaolin, serpentine, zeolites, carbonate minerals and oxides in various ratios were also identified.
The YVRS consists of rhyolites, latites, trachytes and dacites (or high-K dacites as may be qualified in accord with the concept developed by Peccerillo and Taylor, 1976) (Fig 2) . Field evidence show that they mainly form lava domes intruding the OVRS as well as the volcaniclastic series mentioned above. They are in general lighter in colour than the OVRS and are characterized by the presence of idiomorphic phenocrysts of K-feldspar, which can reach 10 cm in length. Other minerals that were identified are quartz, plagioclase and biotite. Hornblende is found in great amounts but not in all areas/domes, while small amounts of pyroxene were also noted.
GEOCHEMISTRY
Geochemical grouping between the two series can be identified in most variation diagrams. MgO, Ti 2 0 (Fig.  3) and FeO (not shown) show negative correlation with silica in both series although the slope and intercept are different. V (Fig. 3) , Co, Cu, Zn, Y (not shown) show similar variations. P 2 0 5 (Fig. 3 ) also show grouping although no trend is evident in either series. However, diverse correlation is evident in some trace element variation diagrams like Nb, Zr, Ba.
REE abundances are also higher in YVRS than OVRS; SREE ranges from 201 to 414 in the former and from 125 to 238 in the latter group. The chondrite -normalized REE patterns (Fig. 4) are tightly banded in each series. However, LREE to HREE fractionation is distinctly higher in the young compared to the old series where HREE patterns are relatively flat. (La/Sm) N ranges from 1,7 to 5,8 with an average value of 3,6 for the OVRS and from 4,6 to 7,8 with an average value of 6,0 for the YVRS. (Gd/Yb) N ranges from 1,9 to 7,7 with an average of 3,3 for the OVRS and a respective range of 4,4 to 9,5 with an average of 6,8 for the YVRS. Eu anomaly is distinctly negative in both series implying that crystallization of feldspar was important in the evolution of both series.
The higher content of incompatible elements in the YVRS is also shown in figure 5 where the MORBnormalised spiderdiagrams (Pearce 1982) fig. 2. element profiles with strong enriched in LIL elements. They also show negative anomalies in Nb and Ti which is a characteristic feature of rocks from subduction related environments. Negative anomaly of Ba in respect to Rb and Th is also expressed by some samples. Similar anomaly is also shown by igneous rocks of the broader Rhodope Massif (Eleftheriadis 1995 , Harkovska et al. 1998 , Nedialkov & Pe-Piper 1998 , Yanev 1998 . Harkovska et al. (1998) suggest that the prominent negative Ba, Sr and Eu anomalies indicate feldspar fractionation.
SR-ISOTOPE RATIOS
In Table 2 , Sr-isotope data for 11 samples is presented. Biotite separates from three samples of the YVR series, along with their respective whole rocks, were used to yield three independent Rb-Sr isochron ages. Rb/Sr biotite ages of the analyzed samples, reported in table 2 show small variation around the value of 20 Ma. This age is in agreement with data from Eleftheriadis et al. (1994) , who dated the YVRS by K-Ar hornblende-rock method as Early Miocene (22, (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) 9 Ma) . Regarding the OVRS, their mineral constituents, that are in most cases altered, did not allow to obtain Rb/Sr mineral ages. However, K-Ar whole rock ages obtained by the above researchers, gave an average value of 25 Ma (Eleftheriadis et al. 1994 ). Thus, initial Sr isotope ratios of YVRS and OVRS were calculated at 20 and 25 Ma, respectively. It must be emphasized here that the age difference between the two series is too small to affect the calculation of the initial Sr-isotopic ratio.
It is evident that the distinction between the two series is even more prominent in the isotopie data (Fig 7) . The data obtained show significant coherence for each group. To be more specific the Sr initial isotopie ratio for the samples of the OVRS ranges between 0,70501 and 0,70581, whereas for the samples of the YVRS between 0,70876 and 0,70978 (Table 3) . This data is similar to the initial Sr isotopie composition of collision related volcanic rocks in Eastern Rhodopes and Western Thrace . In figure 7 a slight positive trend in the YVRS can be seen suggesting an open rather than a closed-system evolution.
DISCUSSION
It is evident from this study that the two volcanic series of Samothraki Island show distinct geochemical and isotopie characteristics. The OVRS show high Ni and Cr concentrations and high #Mg. The low LREE to HREE fractionation is another evidence of their diversity. The initial Sr-isotopic ratio of 0,70501 to 0,70581 indicate that a mantle component took part in the petrogenesis of this series.The relatively high concentrations of LIL elements and the Sr-isotope values lead to the conclusion that an upper enriched mantle is most probably the source region of the old volcanic rock series of Samothraki.
YVRS on the other hand show higher silica content and higher concentration of incompatible elements than OVRS. They present higher LREE to HREE fractionation. The above together with their initial Sr-isotope values of 0,70876 to 0,70978 indicate the involvement of a crustal component in their origin. Mineralogical data indicate that this melt could be mixed or affected in some way by another, more mafic component, possibly of mantle origin.
Geochemical grouping of the samples both in the variation diagrams of the major and trace elements ( 3) and the Sr-isotope initial ratio vs silica diagram (Fig. 7) is in favour of different paths of evolution for the two series. The cross cutting REE patterns (Fig. 4 ) the compositional variations in many diagrams of figure 3 and the Sr-isotopic composition, all suggest that the tow series are not genetically related. The YVRS could not result from the OVRS not only by simple fractional crystallization but even by an open system evolution scheme. Geological observations and mineral chemistry indicate that both series may be influenced -at different degreesby AFC and/or MFC. This is in accordance with the alternative suggestion by Eleftheriadis et al. (1993) for the evolution of YVRS through magma mixing processes. Latest studies in the broader area of the Rhodope massif show that during the Oligocene -Miocene the area was affected by an extensional stress field. Potassium-rich igneous activity is a common feature of post-collisional extension orogens ). Anomalies of multi-element MORB-normalised spiderdiagrams of the samples studied, are similar with those shown by igneous rocks from the broader area, of similar age (Harkovska et al. 1998 , Nedialkov & Pe-Piper 1998 , Yanev 1998 and were attributed to an older subduction environment that affected the source material of those rocks. For the Samothraki igneous rocks Pe-Piper et al. (1998) pro posed a lithospheric mantle source based on Pb-isotope composition and trace element data. This is in accord ance with our Sr-isotopic data for the OVRS. However further study is needed to determine the true origin and evolution of the YVRS.
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